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At the subjective threshold, repeated flash test stimuli are perceived by the observer on only 50% of 
occasions, ince the detectability ofa single light stimulus fluctuates with time. For the analysis of 
these fluctuations we have recorded sequences of positive ("seen") and negative ("not seen") 
responses, timulating at 10 sec intervals for 50 min. These records, reflecting the time course of 
detectability, show periodic fluctuations. The frequencies ofthese fluctuations have been estimated 
by autocorrelation a d Fourier analysis of the records. For 19 subjects they yielded spectra with 
preferential period durations between 0.5 and 2, respectively 5 and 15 min in 15 cases, and some 
spectra re noisy. © 1997 Elsevier Science Ltd 
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INTRODUCTION 
We define the mean subjective visual threshold intensity 
as that which is detected on 50% of the presentations 
during a session. This definition reflects the circumstance 
that the detectability of a single stimulus fluctuates with 
time. In previous investigations (Thoss, 1986; Thoss, 
Ballosek & Thoss, 1994) these fluctuations seemed to be 
non-random indistribution and some test subjects had the 
clear impression of periodic oscillations in perception. 
On a theoretical basis, if the signal is detected then the 
actual sensitivity is above the mean; if the signal is not 
detected then the actual sensitivity is below the mean. 
With repeated presentation of the "mean threshold" 
intensity over a relatively long time, therefore, the 
sequence of "detected" and "not detected" responses 
describes the actual position of the subjective visual 
sensitivity and in this way the fluctuations of detect- 
ability. It is then possible to calculate the frequencies of 
these fluctuations from the record of the observers 
perceptions by spectral (Fourier) analysis. 
METHOD 
The observer was positioned in front of the system 
(Fig. 1). The central part (30 deg) of the retina of the left 
eye was light adapted by continuous illumination of 
800 td. At intervals of 10 sec a test stimulus of 5 deg, 
duration 0.1 sec, was projected into the centre of the pre- 
adapted field. This stimulus was announced acoustically. 
After 5 min adaptation time the threshold intensity, 
corresponding to the definition, was estimated by 
changing the intensity of the test stimulus. The subject 
had to detect the occurrence of the stimulus (single- 
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stimulus presentation, "yes" or "no"). The resulting 
intensity was kept constant thereafter for 50m in 
(3000 sec). During this time, a total of 300 responses of 
the test subject was recorded. The quality "detected" is
associated with a high sensitivity at this moment and 
therefore identified as +1, whereas "not detected" is 
associated with a low sensitivity and therefore identified 
as -1. In this way a polarity record of the sensitivity 
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FIGURE 1. Configuration of the test equipment. 
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FIGURE 2. (a) Fluctuations ofthe visual sensitivity inthe subject FF (1) during the test ime (50 min). Sensitivity +1 means: the 
test person bad detected the threshold stimulus; ensitivity -1 means: The test person had not detected the threshold stimulus. 
(b) Autocorrelation function of the sensitivity record. (c) Power spectrum ofthe sensitivity record. (d) Power spectrum of the 
subject FF (2) calculated from the result of another experiment (one week later). 
fluctuations during the investigation time was obtained. 
To analyse the frequencies of these fluctuations, we 
calculated the power spectrum of the recorded time series 
xi, using two different methods: 
1. Calculation of the polarity correlation function $(~) 
(Stebel, 1966) and then of the power spectrum S(D 
as the Fourier transformation of this function. 
/ ¢ ( r )  = -~ x ( t ) .  x ( t  + r)dt 
1 " 
- )  xi . xi+k, r = kAt  
n i=1 
S( f  ) = ~( r )  . e- J2~-d'r  
n 
¢(kAt). e-;2* 
k=l  
2. Direct calculation of the spectrum X(/) by Fourier 
transformation f the time course, calculation of the 
power spectrum as the weighted square of this 
spectrum. 
/ 
 XmX/ / 
On each occasion identical results were obtained with the 
two techniques. 
The spectrum is limited by the total time of the record 
T (fmin = 1/273 and the sampling interval of At = 10 sec 
(fmax = 1/20 sec-1). 
Experiments were performed on 19 healthy subjects of 
both sexes aged 17-63 yr. A summary of the preliminary 
findings has been published (Thoss, Bartsch & Stebel, 
1995). 
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FIGURE 3. (a) Power spectrum ofsubject JS (1). (b) Power spectrum ofsubject JW. (c) Power spectrum ofsubject CM. (d) 
Power spectrum ofa record of pupillometric sensitivity (subject GB). 
RESULTS 
Figure 2(a) shows an example of the record of the 
fluctuations ofsensitivity. Subjectively the observer had a 
clear impression of periodic fluctuations. This impression 
is confirmed by the polarity-autocorrelation fu ction 
[Fig. 2(b)], which shows an oscillation of periodicity of 
ca  3.3 min, superimposed onother frequencies. 
Finally, Fig. 2(c) shows the power spectrum of the 
record with a sharp pea[: at 0.005 Hz corresponding to the 
period of 3.3 min. Exactly the same power spectrum 
results from the direct Fourier transformation of the 
original record. Further investigations in the same and 
other subjects howed intra- and interindividual varia- 
tions of the spectrum. As an example, Fig. 2(d) shows the 
power spectrum of the subjective visual sensitivity of the 
same observer (FT) estimated in an experiment 1 week 
after the first. The distribution of the frequencies has 
changed completely. The main peaks are now located at 
0.0013 Hz corresponding to a periodicity of 12.8 min, 
0.010 Hz (1.7 rain) and 0.012 Hz (1.4 rain). Figure 3(a) is 
an example of the power spectrum of the record from 
another observer (JS). In this case the main power is 
located at 0.002 Hz (8.3 min) and 0.004 Hz (4.2 min). 
Another type of distribution shows Fig. 3(b) (subject 
JW). In this case the power is concentrated at the highest 
frequencies (0.036 Hz and 0.047 Hz corresponding to 0.5 
and 0.4 min). The spectrum shown in Fig. 3(c) (subject 
CM) is from the "noisy" type. The power is distributed 
over the entire interval nearly homogeneous. 
Altogether 26 spectra were recorded and calculated 
from the 19 subjects. Fifteen of them are dominated by up 
to three single harmonic oscillations, 11 are "noisy" 
(Table 1). 
DISCUSSION 
Fluctuations of the probability of detecting a single 
stimulus could be random. However, Kyrieleis (1938) 
reported periodic fluctuations of the threshold uring 
dark adaptation. Nowak (1943) showed that this effect 
continues even after full adaptation has occurred. 
Periodic fluctuations of the threshold in the dark adapted 
state were reported by Lee et  al .  (1945), about one-third 
of their observers showing this phenomenon. They found 
the periods of fluctuations to be between 5 and l0 min, 
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TABLE i. 
Oscillations (periods in minutes) 
Subject 6-15 min 1-5 min 0.5-I min Noisy 
AA 1.1 0.6/0.4 
CM + 
FT1 + 
FT 2 3.3 
bT 3 12.8 1.5/1.4 
GB 15.2 1.5 0.7 
GP 1 + 
GP 2 0.6/0.4 
HK + 
IE 6.0 0.6/0.4 
JH1 + 
JH 2 + 
JK + 
JS 1 8.4 4.2 
JS 2 7.9 0.5 
JS 3 + 
JS 4 8.4 4.2 0.4 
JSt + 
JW 0.5/0.4 
KB + 
LW 0.9/0.5 
LS 9.3 2.2 0.4 
MC + 
RF 11.9 0.6 
SB 13.9 
SF 3.3/1.3 0.3 
Shifts between these both rhythms could contribute to the 
described fluctuations in sensitivity. For assessment of 
the importance of this effect we carried out an additional 
investigation. Instead of the fluctuations of the subjective 
visual sensitivity we recorded those of the pupillometric 
sensitivity (incremental threshold 0.6mm change in 
pupil diameter) by means of a pupillometer (Pupilscreen, 
Fairville Med. Optics). In this investigation the stimuli 
were aperiodic and the attention was levelled by the 
fixation procedure. Nevertheless the Fourier transforma- 
tion yielded spectra very similar to those described above 
[Fig. 3(d)]. 
There is no reliable evidence of the origin of the 
observed fluctuations. Presumably they develop or 
influence the visual system between the retina and the 
cortex. By simultaneous investigations on both eyes Lee 
et al. (1945) found some fluctuations to be out of phase 
which favours a peripheral mechanism. On the other 
hand, fluctuations in mental activity, e.g. reaction time 
and short term memory capacity, have been described 
(Stebel & Sinz, 1971) with similar periods between 1and 
2 min. If these observations have a common basis, then 
the fluctuations are more likely attributable to a central 
origin. 
both frequency and amplitude varying from one day to 
another. Sometimes the fluctuations were absent com- 
pletely. Parallel measurements on both eyes showed the 
waves to be in or out of phase. In his paper on visual 
threshold measurement Bornschein (1954) described 
periodicities with periods between 6 and 10 min. These 
fluctuations were different in amplitude and frequency in 
different persons but were thought o be constant in any 
one individual. 
These observations have been largely forgotten. With 
our investigations we intended to give an exact analysis 
of incidence and frequency distribution of the fluctua- 
tions by means of Fourier analysis. The findings reported 
here reveal, in particular, that the fluctuations are 
composed mainly of only a few periodic oscillations in 
sensitivity. We found that the spectrum is not constant 
but changes from one investigation to another in all 
subjects. Sometimes two or three main peaks are present 
and sometimes noise is dominant. Rarely we obtained a
picture such as that shown in Fig. 2(c) with a single 
dominant frequency. Overall the findings suggest hat 
there exist two preferential intervals for period durations, 
one between 5 and 15 min, the other between 0.5 and 
2 min. 
Because of the periodicity of our stimuli (10 sec) the 
subjects will show periodic fluctuations of attention. 
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